Determination of spin rate and axes with an instrumented cricket ball  by Fuss, Franz Konstantin et al.
 Procedia Engineering  34 ( 2012 )  128 – 133 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.04.023 
9th Conference of the International Sports Engineering Association (ISEA) 
Determination of spin rate and axes with an instrumented 
cricket ball 
Franz Konstantin Fuss a*, Robert Masterton Smitha, Aleksandar Subica 
aSchool of Aerospace, Mechanical and Manufacturing Engineering, RMIT University, Melbourne VIC 3083, Australia 
Accepted 28 February 2012 
Abstract 
An instrumented cricket ball was developed with three single-axis rate gyros with a measurement range of ±350 rad/s 
(55.56 rps). The gyros, a miniature data logger and a battery were incorporated into a CNC machined ball with a 
seam. The data were collected at 500 Hz and downloaded via the logger’s USB port. The gyros were calibrated 
before inserting them into the ball. The output data provided the spin rates about all 3 axes, from which the resultant 
spin rate and the position of the spin axis were calculated. The axis was displayed as the axis point, the intersection of 
the axis with the surface of the ball, as well as 3D visualization of the ball and the spin axis surface (movement of the 
axis with time). The initial spin rate of the ball thrown by two subjects ranged between 10.5 rps and 18.4 rps. The 
spin decay ranged between 0.002 and 0.584 rev/s2 and was always linear. The spin axis, initially perpendicular to the 
plane of the seam can show considerable deviation towards the seam. The smart cricket ball is an invaluable tool for 
training and characterization of bowling deliveries. 
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1. Introduction 
The rapidly advancing MEMS sensor technology opens new scopes for product development in the 
area of sports technology. The key parameter of MEMS sensors are: size (miniaturization), measurement 
ranges, and price. King et al. [1,2] developed a miniature circuit board containing a three-axis 
accelerometer and one dual-axis and one single-axis angular rate gyro, the overall size of which is 19x24 
mm and weighs 3 g. Meamarbashi [3] developed a sensor module capable of measuring up to 1750 rad/s, 
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however the module is 230x23x40 mm and weighs 80 g. With the introduction of high speed rate gyros 
with a range of ±20k deg/s (350 rad/s, 55.56 rps), extendable to ±50k deg/s, in 2011, the high speed 
revolutions of small sports equipment became measurable for the first time. Before they were introduced 
recently, gyros had a highest spin rate of ±16.67 rps [4]. This rate would have been too small for 
measuring the maximal spin rate of wrist spinners (42 rps [5]). So far, the standard method for 
determining high spin rates was video technology, either with lines drawn on the surface of the ball (e.g. 
[6]) by determining the number of revolutions per time from the video frames, or with reflective makers 
attached to the ball (e.g. [7]), which allows for automated data analysis but disturbs aerodynamics. Cork et 
al. [6] measured spin rates of pace bowlers between 2 and 25 rps, and rates of spin bowlers between 16 
and 37 rps. Spratford and Davison [7] emphasized that the position of the axis of rotation provided a seam 
stability measure, “but only if the seam position is known”. This is difficult to achieve with video 
technology, but would be simple with a cricket ball, instrumented with high-speed gyros. 
The spin axis of sports balls is of particular interest for performance analysis. King et al. [1] 
investigated and optimized the position of the spin axis in ten-pin bowling for achieving maximal hook 
potential. The flight path of a baseball is mainly Magnus force dependent. However, precise positioning 
of a stable spin axis with respect to the seams and smooth leather patches can create different flow 
regimes on either side of the ball, resulting in a motion similar to the cricket ball swing [8]. In cricket, the 
spin axis should be perpendicular to the plane of the seam when bowling a swing, in order to avoid seam 
wobble with reduced swing potential. If the seam wobbles pronouncedly, then the seam advances and 
recedes once per revolution in the direction of the flight path, thereby changing between rough and 
smooth surface profiles rapidly. A stable seam, however, with the seam plane at an angle to the flight 
path, keeps the rough and smooth surface confined to each side of the ball. 
The aim of this study was to develop a fully functional prototype of a smart cricket ball, to measure the 
spin rates during flight of the ball, and to calculate the position and movement of the spin axis throughout 
the flight. 
2. Development 
The components to be fitted into the ball consisted of three single axis rate gyros (aligned along the 
axes of an orthogonal coordinate system) with a measurement range of ±350 rad/s (3.8 g each including 
breakout board), a miniature data logger (9.9 g) and a battery (18.5 g) rechargeable via the USB port of 
the logger. The two halves of the ball (Figure 1) were designed in SolidWorks (by Dassault Systèmes, 
Waltham, MA, USA) and converted to EdgeCAM (by Planit, Ashford, UK) for CNC machining. The two 
halves of the ball were machined from Ureol (RenShape® BM 5460, cured polyurethane resin, Huntsman 
Advanced Materials, The Woodlands TX, USA) with a density of 689 kg/m3, a Shore D hardness of 58, 
and a UTS of 13 MPa. The material was selected because of its excellent CNC machinability and its 
density. After wiring, the electronic components were fitted into the machined cavities of the prototype 
ball. The assembled ball had a diameter of 72 mm, the same size of a standard cricket ball (mean 
circumference of 226.5 mm for men’s games according to [9]). Subsequent to assembly of the ball, the 
position of its centre of mass was tested by the direction in which the ball deviated when putting it on the 
top and bottom points on level ground. For balancing, additional masses were inserted into the eight holes 
(Figure 1) which initially served for machining purposes. The assembled prototype ball had a mass of 150 
g before balancing and 160 g afterwards (mean mass of 159.5 g for men’s games according to [9]). 
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Fig. 1. (left) coordinate system of the ball and CNC machined upper and lower halves; Fig. 2. (right) open and assembled smart ball 
prototype 
3. Calibration 
Before incorporating the rate gyros into the ball, they were calibrated on a specially designed and 
balanced calibration board, where the 3 gryos were aligned to the axes of an orthogonal coordinate 
system. The board allowed for quick exchange of the sensors from one axis orientation to another to 
expedite calibration of each gyro about its primary axis of measurement as well quantify crosstalk error. 
The board was connected to a perpendicular shaft, driven by an electric motor. The speed of the motor 
was measured with an optical encoder. The accuracy of the encoder was assessed beforehand with a 
handheld gas discharge stroboscope at 500, 1000, 1500 and 2000 rpm and no measurement error was 
detected. Spin rate and temperature data of all three gyros were collected simultaneously with the board 
rotating at speeds of 500, 1000, 1500 and 2000 rpm at four ambient temperatures between 26°C and 54°C 
under the safety hood of the motor. The different temperatures were produced with a heat gun and 
measured with a thermometer. The gyros’ sensitivity is temperature dependent and ranges between 0.08 
and 0.12 mV/deg/s from –40°C to +105°C according to the specifications. The gyros were supplied with 
5V DC, which is used as the reference to generate a ratiometric output in response to angular velocity 
applied about its spin axis. At zero angular velocity, the gyro output is typically 2.5 V, which is called the 
null bias. The axis of the gyros was aligned such that counterclockwise rotation returns an output voltage 
larger than 2.5 V and clockwise rotation returns an output voltage smaller than 2.5 V. The data logger 
incorporates an LPC2148 microcontroller (by Philips Semiconductors, Eindhoven, The Netherlands) that 
includes a 10 bit successive approximation analog to digital converter (ADC) for its 8 ADC channels.  
The ADC convertor uses an internal 3.3 V reference voltage, therefore a voltage divider was used 
between the gyro and ADC input to correct for the difference in their respective reference voltages. The 
data logger samples the analog inputs to the ADC channels and provides decimal ratiometric values of 
full scale, i.e. 1,024 (210) in the output file, which is accessed via the USB port. At zero angular velocity, 
the gyros produced a decimal value of approximately 512 from the data logger, which was expected as 
the null bias (1.65 V at the ADC input) is half of full scale. The exact null value was determined for each 
gyro at standstill. The gyros were then calibrated at speeds of 500, 1000, 1500 and 2000 rpm and at an 
ambient temperature of 26°C, and it was found for each gyro a value of 7.2 corresponded to 1 rps. To take 
into consideration that zero angular velocity produced a null value of approximately 512 and counter-
clockwise and clockwise rotations produce values greater and less than that respectively, the exact sensor-
specific null value was subtracted from the sampled value to give a positive or negative value to indicate 
direction of rotation. After correcting for the null offset, the data were divided by 7.2 in order to obtain 
the angular velocity in rps. The system’s resolution depends on the 10 bit ADC and is 50 deg/s at 26°C, 
which is 0.125% of the measurement range (±20k deg/s). This value of 7.2 is temperature dependent and 
increases linearly by 0.085 with every temperature rise of 10°C. The null offset at zero spin rates was not 
affected by the temperature. 
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4. Experiments and data analysis 
Two male persons threw the ball twelve times by attempting to impart maximal backspin and to keep 
the spin axis as close as possible to the z-axis of the ball coordinate system (perpendicular to the plane of 
the seam). Index and middle finger were kept on either side of the seam during the throw. The ball was 
not bowled in the classical style of cricket in order to keep the focus on spin rate and location of the axis. 
Before and after throwing, the ball was kept immobile for 10 s. The spin rate data were collected at 500 
Hz and downloaded from the ball via the USB port of the logger. 
For data analysis, the offset was determined from the 10 s of immobilization and subtracted from the 
data set of each gyro. Resulting positive and negative values indicated counterclockwise and clockwise 
rotation, respectively. Based on the calibration results and the ambient temperature during the tests, the 
gyro data were converted to rps (revolutions per second) and plotted as a time series, confined to the 
actual flight time. The flight time included the rapid rise of the angular velocity about the z-axis while still 
in hand and ended with the impact on the lawn (when the angular velocities change rapidly). The location 
of the axis was displayed as the (moving) axis point (Figure 4), where the axis intersects with the surface 
of the ball. In addition to that, the ball and the axes were reconstructed in AutoCAD for 3D visualization 
(Figure 5). 
5. Results 
Two experiments (A and B) are shown in Figure 3 (left and right subfigures respectively). Zz was 
always positive in all experiments, as the z-axis was initially pointing to the right such that the backspin 
was counterclockwise. In the two experiments shown in Figure 3, the ball was handled exactly in the 
same way, which is supported by the following results. The initial spin rates were similar, 17.5 rps in 
experiment A and 15 rps in experiment B. In both experiments, the angular velocity about the z-axis, Zz, 
showed a steep rise, whereas Zx and Zy were close to zero. This indicates that the initial position of the 
spin axis was close to the z-axis (Figure 4). The evolution of Zx and Zy with time, however, was different 
in both experiments. This affected the decay of the resultant spin rate which was 0.584 rev/s2 in 
experiment A, (dropping from 17.5 rps to 16.33 rps within 2 s flight time), whereas the resultant spin rate 
remained constant in experiment B. In experiment B, Zx and Zy showed the same trend, whereas in 
experiment A, Zy showed a steep increase and Zx decreased after 0.8-0.9 s of flight time. 
The initial spin rate of all twelve experiments ranged between 10.5 rps and 18.4 rps. The spin decay 
ranged between 0.002 and 0.584 rev/s2 and was always linear.  
The axes positions are visualized in 3D in Figure 4. From the initial position of the spin axis close to 
the z-axis, the axis deviated towards the seam, either in a curved (Figure 4, upper row) or in a more 
straight fashion (Figure 4, lower row). The motion of the axis with time was displayed as a regular surface 
– the “spin axis surface” (Figure 4).  
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Fig. 3. (left) angular velocities of two experiments; Ȧz, Ȧx, Ȧy = velocities about the z-, x-, and y-axes; the z-axis is perpendicular 
to the plane of the seam; Fig. 4. (right) 3D visualization of the spin axis surface in AutoCAD; top, left, back, and iso views from left 
to right; top and bottom rows: experiments shown in Figure 3, left and right subfigures, respectively; the length of the axis between 
free end and intersection with the surface corresponds to the magnitude of the resultant spin rate; if this length equals the diameter 
of the ball, then the spin rate is 10 rps 
6. Discussion 
The smart cricket ball developed in this project provides a valuable tool for measuring the spin rate and 
calculating and visualizing the position and movement of the spin axis. The high speed rate gyros (±55.56 
rps) are the key for this task. Before they were introduced in 2011, gyros had a highest spin rate of ±16.67 
rps [4], which would have been inadequate for the highest spin rate (18.4 rps) measured in the 
experiments in this study. 18.4 rps, however is small when compared to the maximal spin rate of wrist 
spinners (42 rps [5]). 
In addition to measuring the maximal spin rate, the smart cricket ball allows assessment of the spin 
decay, which so far has only been measured using video technology [10]. Smits and Smith [11] suggested 
that the spin rate of a golf ball flying at constant speed decreases exponentially with time. The spin decay 
seen in the results of this study was always linear, considering that the flight time was maximally 2 
seconds. A non-linear behavior may become apparent only at longer flight times. James and Haake [10] 
described the factors influencing the spin decay, among which are the surface roughness, the flow 
conditions and regimes around a ball, the initial magnitude of the spin rate, the initial linear velocity of the 
ball, and its moment of inertia. It is still unclear which factor influences the spin decay most. As the initial 
linear speed of the thrown balls was not measured, it is unclear where the differences in the recorded spin 
decay (Figure 3) come from. However, the results suggest that the spin decay does neither correlate with 
the initial spin rate alone, nor with the angle of the spin axis with respect to the plane of the seam.  
The surface of the ball was machined such that the smart ball retains the aerodynamic properties of a 
new test match ball. The seam has the same dimensions of a standard cricket ball. A single ridge, 
generating a highly skewed surface roughness [12], is powerful enough to trip the boundary layer at small 
Reynolds numbers [12]. The rows of stitches increase the surface roughness, but they were not replicated 
in the smart ball as their influence on the skewness parameter (Rsk) of the surface roughness is negligible.  
This first phase of the research focused on developing a "proof of concept" instrumented ball in order 
to test, evaluate and refine its measurement and feedback capability. The next stage of this research will 
explore alternative design solutions and structural material packaging options in order to improve smart 
ball performance during impact. The authors aim to ultimately develop a smart ball that withstands impact 
with a hard surface. At this stage that ball was not designed to withstand impacts on a hard pitch or with 
the bat. Nevertheless, impacts on soft lawn do not damage the shell or the electronic parts. The CNC-
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machined shell material, Ureol, was selected because of its density. Prior to machining, the overall mass 
of the ball was estimated based on the mass of the electronics equipment, density of CNC machining 
materials, shell thickness, ease of fitting the components into the ball and ease of machining. Ureol turned 
out to be the best choice for achieving a mass of about 160 g.  
The smart cricket ball will be used to determine the characteristics of different bowling deliveries in 
terms of spin rate, spin decay, and axis location and movement. 
7. Summary 
The main contributions of this research project are: 
1) recently introduced high-speed gyros were calibrated, their sensitivity was determined, and an 
algorithm was developed for calculating the angular speed from the data output data and for temperature 
correction of the output data; 
2) a proof-of-concept ball was designed and machined from Ureol, electronic components (three gyros, 
battery and data logger) were fitted into the ball resulting in a prototype ball of the same mass as a 
standard cricket ball; 
3) the smart ball is able to measure individual spin rate about the three axes up to 55.5 rps, from which 
the resultant spin rate is calculated, as well as the spin rate decay and position of spin axis moving with 
time with respect to the seam; and 
4) the spin axis is 3D-visualized with respect to the ball and its seam in order to understand the spin 
axis’ movements and the kinematics of the ball. 
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